Investigating the effect of temperature and local environment on the hopping rate reveals that below 6 K the motion is due to quantum tunneling between neighboring binding sites on the surface. This rate can be engineered by controlling hopping direction and interaction with neighboring molecules. Above this temperature, thermally activated hopping is observed, which the researchers attribute to tunneling of the CO molecule from a vibrationally excited state.
Intriguing though this might be, the researchers also suggest that molecular cascades could be used for the one-time transition of single bits of information from one location to another. They go a step further and create simple AND and OR logic gates. Though these may be exceedingly slow, the size of molecular cascade devices warrants further investigation, say the researchers. 
Playing dominoes with molecules
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Mind the surface
MECHANICAL PROPERTIES
Surface roughness could be the key to the mechanical failure of polysilicon devices, such as microelectromechanical systems (MEMS), according to new findings [Science (2002 [Science ( ) 298, 1215 [Science ( -1218 . "Over the past few years there has been a debate about the roles that moisture and mechanical stress play in the fatigue failure of polysilicon devices," explains Roberto Ballarini of Case Western Reserve University. The researchers looked at various failure scenarios, including stress corrosion cracking. "This failure mechanism is associated with the propagation of a sharp crack under an applied stress too low for immediate catastrophic failure and in the presence of a corrosive environment like humid air." But, says Ballarini, "Our research shows that polysilicon under constant stress is not susceptible to stress corrosion." Instead, the researchers found that the fatigue strength of polysilicon is strongly affected by the ratio of compression to tension experienced during each cycle. They suggest that surface roughness, such as asperities and microcracking (although the latter was not actually observed), is the root cause. Under compressive loading the surfaces come into contact and the 'wedging' action of surface ridges generates microcracks. These propagate and grow during subsequent tension and compression cycles. "The microcracks extend from the surface into the miniaturized structures, weakening the material and causing failure," explains Arthur Heuer. Ambient conditions can, however, exacerbate the process for high-cycle fatigue conditions. Air could cause the thickening of surface oxide on asperities or cracks, leading to additional wedging and crack extension during compression. "The research," says Heuer, "tells us to be mindful of the manner in which we create the surfaces of polysilicon chips so that devices that experience significant mechanical stresses like gyroscopes and optical devices can be rendered less susceptible to fatigue failure." 
Molecular insulation
POLYMERS
The most efficient way to transport large amounts of data is by infrared light through optical fibers. Research is under way to increase optical bandwidth to accommodate growing traffic, but many challenges remain including the encoding of electronic signals onto a lightwave carrier by modulating light at very fast rates. An electro-optic (E-O) moderator, where a signal voltage changes the refractive index of a dielectric optical waveguide to modulate the phase of a guided lightwave, is generally used for this purpose. Lithium niobate is the most widely used E-O material, but its response deteriorates because of the resistance of the voltage guide electrodes, absorption by the optical waveguide dielectric, and velocity mismatch between the signal and carrier waves. In recent years, interest has focused on polymeric materials and now researchers from Lucent Technologies' Bell Labs may have come up with an optimum combination [Science (2002 [Science ( ) 298, 1401 [Science ( -1403 . By choosing polymers carefully, the researchers almost entirely eliminate the factors leading to response decay at high frequencies. The modulator consists of commercially-available chromophore disperse red-1 (DR1) in a PMMA host as the optical core, sandwiched between glass resin cladding layers. A ridge optical waveguide is etched into the core and an Au microstrip guides the voltage modulation signal. The device modulates light with a bandwidth of 150-200 GHz, and has a detectable signal at 1.6 THz. This broad bandwidth operation, coupled with low voltage operation and cheap fabrication, could be ideal for next-generation optical communications. 
Fast rate control
POLYMERS
Dark states of light
Getting a better image
NANOTECHNOLOGY
As Si devices scale down in size, high-κ dielectrics to replace SiO 2 have become vital to provide high capacitance without the disadvantages of ultra-thin films. But with the limits of Si technology in sight, molecular electronics is attracting interest as an alternative strategy. Researchers from Stanford, Cornell, and Purdue Universities, led by Hongjie Dai, have combined these two technologies in a carbon nanotube transistor with a high-κ dielectric layer [Nature Materials (2002) doi:10.1038/nmat769]. The field-effect transistors (FETs) consist of individual, semiconducting single-walled nanotubes (SWNTs) bridging metal source (S) and drain (D) electrodes on SiO 2 /Si substrates. A thin film of ZrO 2 is formed on top of the SWNT-FET by atomiclayer deposition (ALD), followed by patterning of local top-gates. The ALD process produces layers of ZrO 2 with excellent crystallinity and is benign to carbon nanotubes. Electrical transport measurements on more than 30 devices, taken from different production batches, reveal that ZrO 2 /SWNT-FETs have properties approachingand sometimes exceeding -those of Si. P-type transistors show subthreshold swings, of S~70 mV per decade, which approaches the theoretical limit for FETs. A key parameter in miniaturization, a low value of S is central to low threshold voltage and low power operation. Transconductance and carrier mobility reach 6000 Sm -1 and 3000 cm 2 V -1 s -1 , respectively, higher than p-type crystalline Si by a factor of ten for transconductance and eight for carrier mobility. While the values are somewhat less for n-type transistors (S~90-100 mV per decade, 600 Sm -1 , and 1000 cm 2 V -1 s -1 ) these values still far exceed previous devices. Using the p-and n-type FETs, Dai and his coworkers constructed a NOT logic gate, or inverter, which shows a voltage gain of up to 60. This is the highest gain ever achieved with organic materials, including SWNT and conjugated organic materials, say the researchers. This approach combining the electronic properties of molecular materials with advanced gate dielectrics could open a new route towards advanced, miniature FETs. thing," says Homma, "is that nanotubes originated from the pillar top tend to form suspended bridges between pillars." More than 80% of these suspended nanotubes show nearest-neighbor connections when the pillar spacing is comparable to the pillar height. These self-assembled nanotube networks could be used as interconnections for nanoscale devices, say the researchers. "By utilizing the self-assembly of nanotube networks, we are hoping that without using lithography we would obtain interconnection," explains Homma. Nano-probes could be used to send electrical currents along the nanotube networks, and analyze their properties. "If we achieve control of the nanotube properties through the control of chirality and diameter, we could fabricate nanotube device networks, which would be applicable to an artificial neural network," adds Homma. Photonic applications could also be attractive, suggest the researchers.
Gaining on silicon devices
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Nanotube suspension bridge
Scanning electron micrograph of carbon nanotubes suspended from Si pillars, grown using a Fe thin film catalyst. Pt was deposited to highlight the nanotubes. (© AIP 2002.)
Researchers from the University of The molecular glass cresolphthalein dimethyl ether becomes highly fluorescent on multiphoton absorption (MPA), making it a suitable material for three-dimensional optical data storage. This method has attracted attention because of its potential to allow a higher density of information storage than comparable magnetic systems. Laser light is used to initiate a photochemical or photophysical process, which alters the local optical properties in a controlled and position-sensitive manner. Until now, most MPA-suitable materials have shown readout degradation. But the new material shows excellent robustness during the readout of data, even at scan rates as high as 2400 bits s -1 -twice as fast as any other fluorescence-based MPA storage technology to date. Fourkas and his colleagues also achieved storage densities densities of 870 MB cm -2 on a thin sample of the molecular glass. Although this is an order of magnitude larger than conventional DVDs, the researchers believe that it should be possible to further improve the storage density of their new material at least sixfold. Writing times could also be improved, they say. At the moment, a 40 mW Ti: sapphire oscillator can write a single bit in 100 ms. But with higher-powered bursts of light on shorter timescales, writing times an order of magnitude faster could be achievable. The molecular glasses are inexpensive and would be easy to process. They are of high optical quality and can be molded into any shape. Although the underlying photochemical process involved is not yet known, the researchers believe that there is plenty of room for further optimization. 
Clearly memorable materials
DATA STORAGE
Profile of spin-polarization
MICROSCOPY
Researchers at Ohio and Case Western
SHAPE MEMORY ALLOYS
With the growth in the aged population and the need to extend average individual healthspan, biomaterials have an increasingly important role in the development of new generation medical devices, drug delivery systems, and medical diagnostic technologies. This column seeks to provide an insight into the latest developments in biomedical materials and related technologies through brief synopses and expert commentaries of recent presentations, publications, and patents. Andrew Lloyd, University of Brighton.
Rejuvenating aged cells
The 
Improving bone fixation
The surface morphology and chemistry of biomaterials is known to influence the response of cells associated with these surfaces. These changes include effects on cell adhesion, remodeling of the extracellular matrix, and the activation of ', by Aldini, N.N. et al., Journal of Orthopaedic Research, 2 20 0, 1217 -1224 © Orthopaedic Research Society 2002 SURFACE MORPHOLOGY
SURFACE COATINGS
Growth of IMR90 fibroblasts (a) young and (b, c, d, e and f) aged cells after 6 days on
